ABSTRACT The objec ve of this study was to determine the expression of growth factor signaling genes in human adiposederived stem cells (ASCs), porcine oocytes, and cumulus during in vitro matura on (IVM). The human ASCs (from 2 young and 2 old donors) were used for the co-culture IVM system. The matura on rate was examined based on polar body extrusion. The expression of the growth factor signaling genes from ASCs, oocytes, and cumulus were measured using qPCR. All data were analyzed using ANOVA followed by Tukey's test. The expression of the h-IGF1 signaling genes from human ASCs cells showed similar values in all groups and the h-FGF2 expressions were higher in the young donors than the old ones. The p-FGF2, p-FGFR2, and p-TGFβ1 expressions in the oocytes as well as p-IGFR in the cumulus that were co-cultured from the young donors showed higher values than the old and control groups. The apopto c ra o (p-BAX/p-BCL2) from the oocytes and cumulus in both co-culture groups also showed lower levels than the control (P<0.05). Oocyte matura on rates were significantly increased in all co-cultured groups (Y1 (85.9 ± 2.2%), Y2 (91.2 ± 1.1%), O1 (86.3 ± 1.5%), and O2 (86.5 ± 2.3%)) compared with the control (76.7 ± 1.1%; P<0.05). Although the expression of growth factor signaling genes was varied, young donors' ASCs might support in vitro matura on be er than those from old donors.
Introduc on
In vitro maturation (IVM) technique have been essential and important to retrieve high quality mature oocytes for optimum result in the further study, such as embryo production, xenotransplantation and animal model research (Woods and Tilly 2012; Coticchio et al. 2015; Arat et al. 2016) . The oocyte is a unique and highly specialized cell responsible for creating, activating and controlling the embryonic genome, as well as supporting basic processes, such as cellular homeostasis, metabolism and cell cycle progression in the early embryo. Oocytes maturation were occurred when the oocytes reached nuclear and cytoplasmic maturation (Coticchio et al. 2015) . Nuclear maturation encompasses numerous sequential events, including the breakdown of the germinal vesicle and the resumption of meiosis, the first meiotic division, and the appearance of second metaphase chromosomes. These processes can be evaluated cytologically by the appearance of the first polar body or metaphase II chromosomes (Machtinger et al. 2016) . Cytoplasmic maturation occurs alongside of nuclear maturation, involving dramatic changes in oocyte gene expression, protein synthesis, and organelle organization (Woods and Tilly 2012; Machtinger et al. 2016 ).
Cumulus cells have been considered to play an important role in oocyte maturation by keeping the oocyte under meiotic arrest, inducing meiotic resumption and by supporting cytoplasmic maturation. These functions have been attributed to their gap junctions and their specific metabolizing capabilities. Physical contact between oocyte and cumulus cells has been considered necessary for the transfer of nutrients and factors essential for oocyte development (Hull and Harvey 2014) .
The IVM conditions are still suboptimal for oocyte maturation (Woods and Tilly 2012; Coticchio et al. 2015) . To optimize the IVM conditions, many studies have applied several growth factors and cell feeding/co-culture systems using various cell types to restore the follicular microenvironment during IVM (Uzumcu et al. 2006; Toori et al. 2014) . Growth factors are a component of a complex system of autocrine and paracrine factors that have a regulatory role in ovarian function and affect oocyte maturation (Arat et al. 2016) . The in vitro administration of exogenous growth factors were also reported in many species (e.g., bovine, canine, ovine, and equine) that could accelerate nuclear maturation and increase the percentage of oocytes resuming meiosis (Hull and Harvey 2014). IGF1 was of benefit for oocyte maturation and preimplan-tation development by autocrine stimulation of cumulus and/or granulosa cells in pigs and similar results have been reported in mice and cattle (Arat et al. 2016) . Members of the TGFβ superfamily, including TGFβ1, TGFβ3, bone morphogenetic protein 15 (BMP15) and growth differentiation factor 9 (GDF9), are expressed in the oocyte from very early stages and are responsible for oocyte maturation (da Silveira et al. 2014) . Further, few studies have focused on the effects of exposure to a combination of growth factors on oocyte IVM (Arat et al. 2016 ), but the co-culture system also chosen to support the IVM condition (Saadeldin et al. 2014; Appeltant et al. 2016) .
Adipose-derived stem cells (ASCs) The potential candidate of secrete high levels of several growth factors which have roles on oocytes maturation such as insulinlike growth factor (IGF), basic fibroblast growth factor (bFGF), vascular endothelial growth factor (VEGF), hepatocyte growth factor (HGF) and transforming growth factor-beta (TGF-β) (Fu et al. 2008; da Silva Meirelles et al. 2009; Overman et al. 2013) . ASCs exhibit stable growth and proliferation kinetics and can differentiate toward osteogenic, chondrogenic, adipogenic, myogenic, or neurogenic lineages in vitro (Scruggs et al. 2013; Shimada et al. 2006) which has potential as cell feeder in co-culture system. But biologic aging also occurs in stem cells which was shown with secrete less growth factors and other bioactive molecules (Scruggs et al. 2013) . Those reports showed the important of donor age that should be considered when select ASCs as cell feeder in co-culture system. To gain insight into effectivity of co-culture system using different donor age of ASCs on porcine IVM, the maturation rate and expression of growth factor signaling genes and some receptors on ASCs, oocytes and cumulus were evaluated. Our hypothesis was that the activity of ASCs in co-culture IVM system would enhance the interaction between oocytes and cumulus which increase the oocytes maturation rate.
Materials and methods
All chemicals were obtained from Sigma-Aldrich Co. LLC. (St. Louis, USA) unless otherwise stated. The young donors of ASCs came from 2 peoples under 30 years old and the old donors also came from 2 peoples with aged more than 50 years old.
Isola on and culture of ASCs
The procedure for preparation of human ASCs was performed under GMP conditions in the Stem Cell Research Center of R Bio, with approval from the Life Ethics Committee of the Biostar Stem Cell Technology, Seoul, Republic of Korea (RBIO 2015-12-001) . The ASCs were isolated from disposed human adipose tissues obtained from the lower abdomen of patients with their agreement and primary cultured as previously described (Ra et al. 2011) . In detail, human subcutaneous adipose tissues were obtained by simple liposuction from abdominal subcutaneous fat with informed consent and digested with collagenase I (1 mg/mL) under gentle agitation for 60 min at 37°C. The digested tissues were then filtered through a 100-µm nylon sieve. The tissues were centrifuged at 470 g for 5 min and resuspended in Dulbecco's modified Eagle's medium (DMEM; Invitrogen)-based medium containing 0.2 mM ascorbic acid and 10% fetal bovine serum (FBS). After re-centrifuging at 470 g for 5 min, the supernatant was discarded and the cell pellet was collected. These cells were cultured overnight at 37°C under 5% CO 2 in DMEM-based medium containing 0.2 mM ascorbic acid and 10% FBS. The cell medium was changed to Keratinocyte-SFM (Invitrogen)-based medium containing 0.2 mM ascorbic acid, 0.09 mM calcium, 5 ng/mL rEGF and 5% FBS. The cells were maintained for 4-5 d until confluent (passage 0). When the cells reached 90% confluency, they were subculture-expanded in Keratinocyte-SFM-based medium containing 0.2 mM ascorbic acid, 0.09 mM calcium, 5 ng/mL rEGF and 5% FBS until passage 3. FBS contaminants were completely removed from cultured MSCs by several washings with PBS and verified through a test of albumin level below the measurement limit using a bovine albumin ELISA kit (Bethyl Laboratories, Montgogery, TX). The Korea Food and Drug Administration permitted the use of FBS-eliminated MSCs for clinical study. Aliquots of the ASCs were then tested for cell viability and fungal, bacterial, endotoxin and mycoplasma contamination as demanded by the Code of Federal Regulations, Title 21 (21CFR) before further use. The details of specific standards are found in the 21CFR, Sections 610. There was no chromosomal abnormality in any sample up to passage 12.
In vitro matura on of porcine oocytes by coculture with human ASCs
Ovaries were obtained from sows and gilts at a local slaughterhouse and transported to the laboratory in 0.9% NaCl at 25-30°C. Follicular fluid including cumulusoocyte complexes (COCs) were aspirated from antral follicles (3-6 mm in diameter) and washed three times with tissue culture medium-199 (TCM-199)-HEPES (Invitrogen, Carlsbad, USA) and selected for in vitro maturation on the basis of morphological features, i.e., a compact multi-layered cumulus mass and a dark, evenly granulated cytoplasm. The COCs were cultured in four-well dishes (50 COCs per well; Falcon, Becton Dickinson Ltd, Plymouth, UK) in basic maturation medium, TCM-199 supplemented with 10 ng/mL epidermal growth factor (EGF), 0.57 mM cysteine, 0.91 mM sodium pyruvate, 5 µg/mL insulin, 1 µg/mL follicle-stimulating hormone (FSH) (Antrin, Teikoku, Japan), and 1% (vol/vol) penicillin-streptomycin (Pen-Strep; Invitrogen) at 39°C in a humidified atmosphere of 5% CO 2 for 44 h (two stages, with hormonal removal in the second stage). After 44 h, oocytes and expanded cumulus cells were separated by pipetting with 0.1% hyaluronidase in Tyrode's albumin lactate pyruvate (TALP). Denuded oocytes were examined by microscope free of any attached somatic cells and then were subjected to observe the first polar body extrusion. Porcine ovaries were obtained from sows at a local slaughterhouse and transported to the laboratory in 0.9% NaCl at 30-35°C within 3 h. The follicular fluid including cumulus-oocyte complexes (COCs) were aspirated from 3-6 mm diameter follicles with an 18-gauge needle on a 10 mL syringe and washed three times in washing medium containing 9.5 g/L of TCM-199, 2 mM sodium bicarbonate, 10 mM HEPES, 0.3% polyvinyl alcohol, 5 mM sodium hydroxide and 1% penicillin-streptomycin (Invitrogen) as previously reported (Jin et al. 2016 ). COCs were selected on the basis of morphological features: three or more compact multilayers of cumulus cells and homogeneous cytoplasm. Around 50 60 COCs per well were cultured in IVM medium containing TCM-199 supplemented with 10 ng/mL Epidermal growth factor (EGF), 0.57 mM cysteine, 0.91 mM sodium pyruvate, 5 μl/mL insulin-transferrin-selenium solution 100X (Invitrogen), 10% porcine follicular fluid, 10 IU/mL equine chorionic gonadotropin (eCG), and 10 IU/mL human chorionic gonadotropin (hCG) in a 12-well plate (Falcon).
In order to perform co-culture experiments, young and old donor ASCs were used when they had reached about 70% confluency in a 12-well plate with AMSC medium (Rmedica-stemcell, Korea). The medium was replaced with IVM medium when co-culture began. The 12-well plates were supported with 1.0 μm Transwell polyester membrane inserts (Corning Inc., Pittston, USA) to allow mutual communication (Saadeldin et al. 2014 ) between porcine oocytes and ASCs for a total of 44 h at 39°C in a humidified atmosphere of 5% CO 2 in IVM medium. The intercellular communication distance was approximately 2 mm. The COCs were randomly allocated to young or old ASCs co-culture groups on Transwell polyester membrane inserts or cultured in IVM medium only (control group). The control group was maintained under the same conditions as the co-culture groups except for the ASCs support. The control and co-culture groups were cultured for 22 h with 10 IU/mL eCG and then washed twice in eCG-free medium. Afterwards, the co-culture cells and/or COCs were cultured for 22 h in IVM medium without eCG. After 44 h culture for IVM, the COCs were denuded with 0.1% hyaluronidase by gently pipetting and cumulus cells were separated from COCs by centrifugation (2 min, 1,975 g) and the samples were immediately stored at -80°C until used for RNA extraction. For assessing in vitro maturation rates, extrusion of the first polar body (Metaphase II) was evaluated under the stereomicroscope and ASCs from the co-culture groups were retrieved for total RNA extraction.
Total RNA extrac on and cDNA synthesis
Total RNA was extracted from ASCs (young and old donors), cumulus and oocytes using the Easy-spinTM (DNA-free) Total RNA Extraction Kit (iNtRON Biotechnology Inc., Kyunggi, Korea) then eluted according to the manufacturer's protocol. Total RNA concentration was measured using spectrophotometry (NanoDrop 2000, Thermo Fisher Scientific Inc, Waltham, USA), with samples immediately stored at -80°C until cDNA synthesis. Total RNA was reverse transcribed into cDNA using amfiRivert II cDNA Synthesis Premix (GenDEPOT, Barker, USA) according to the manufacturer's instructions.
Gene expressions analysis using real-me polymerase chain reac on PCR
Quantitative real-time PCR (qPCR) was conducted to assess the transcript abundance using oligonucleotide primer R: AGCCTCCCTCCTGTCTTGAT sequences in human and porcine. The primers for human (BAX, BCl2, IGF1, FGF2, VEGFA, HGF, TGFβ1, TGFβ3 and β-actin) and porcine (BAX, BCl2, BMP15, GDF9, IGF1, IGF1R, FGF2, FGFR2, TGFβ1, TGFβ3 and GAPDH) genes were designed from sequences which obtained from NCBI; all primer sequences were standardized using a standard curve and are listed in Tables 1  and 2 . Real-time PCR was performed using an ABI 7300 Real Time PCR System (Applied Biosystems, Foster City, USA) according to the manufacturer's instructions with minor modification. The total volume PCR reaction mixture was 20 μL in a real-time PCR plate (MicroAmp optical 96-well reaction plate, Singapore) and the mixture was composed of 2 μL cDNA, 0.4 μL forward primer, 0.4 μL reverse primer, 10 μL SYBR Green interaction dye (Takara Bio USA Inc., Mountain View, USA) and 7.2 μL diethyl pyrocarbonate. The expression of each target gene was quantified relative to that of the internal control gene (ACTB) using the equation R = 2 −[∆Ct sample−∆Ct control] , as previously described by Setyawan et al. (2016) .
Sta s cal methods
All data were analyzed by one-way ANOVA then followed by Tukey's multiple comparison test using GraphPad Prism 5.0 (GraphPad, San Diego, USA) (Setyawan et al. 2016) . Values are means ± standard error of the mean. Probability values less than 0.05 were considered to be statistically significant.
Results

The expression of signaling genes in human ASCs
The h-IGF1, h-FGF2, h-VEGFA, h-HGF, h-TGFβ1 and h-TGFβ3 gene expression levels in four groups of human ASCs were analyzed (Y1, young donor 1; Y2, young donor 2; O1, old donor 1 and O2, old donor 2). There was no significant difference in levels of expression in IGF1 among the all groups (Figure 1 ). The Y1 and Y2 groups showed higher FGF2 gene expression levels compared with the O1 and O2 groups but HGF levels seemed higher in O2 than Y1 and Y2. The O2 expressed the lowest expression in VEGF than other groups. The O1 showed the lowest expression in TGFβ1 and TGFβ3 compared with the other three groups.
The expression of genes related to oocytes matura on in porcine cumulus cells
The relative expression of genes related to oocyte maturation and apoptosis was analyzed in porcine cumulus cells derived from COCs after IVM without co-culture (control) or with co-culture using ASCs (Y1, Y2, O1 and O2). The
The expression of growth factor signaling genes from human adipose-derived stem cells (ASCs). Y1, young donor 1; Y2, young donor 2; O1, old donor 1; O2, old donor 2.
ratio of apoptotic gene expression (p-BAX / p-BCL2) in co-cultured groups showed significantly lower than control. The co-cultured groups also significantly up regulated p-IGF1, p-IGF1R, p-FGF2, p-FGFR2, p-TGFβ1 and p-TGFβ3 expression compared with control group. The old donor groups showed lower expression in p-IGF1R and p-TGFβ3 than young donor groups. The other gene expressions among co-cultured groups exhibited different levels but still higher than control (Figure 2 ).
The expression of genes related to matura on in porcine oocytes
The relative gene expression levels of SMAD2/3 and GDF9 in matured porcine oocytes derived from each group were analyzed. The expression of p-IGF1 among co-cultured groups were not different but significantly higher than control (P>0.05). Its receptor (p-IGF1R) also showed higher expression in co-cultured group than control but exhibited different level of expression among cocultured groups (Figure 3 ). The expression of p-FGF2 and p-FGFR2 showed similar pattern that the significant differences only found in young groups (Y1 and Y2) but there were no different between O1, O2 and control groups. The high expression in young groups were also showed in p-TGFβ1 which significantly different with old groups and all co-cultured groups were higher than control. Interestingly, the expression of p-TGFβ3 in control and cocultured groups were not significantly different.
The effect of human ASCs co-culture on porcine oocyte matura on
The effects of ASCs co-culture on the nuclear maturation of porcine oocytes was observed as shown in Table 3 . The nuclear maturation rates in young ASCs groups (Y1 = 85.9 ± 2.2% and Y2=91.2 ± 1.1%) and old ASCs groups (O1 = 86.3 ± 1.5% and O2 = 86.5 ± 2.3%) were significantly higher than those in the control group (76.7 ± 1.1%, p < 0.05). There were not differences between Y1, Y2, O1 and O2 groups in the oocyte maturation rate.
Discussion
Optimum condition of IVM system is required for successful and reliable oocyte maturation which would significantly improve the effectiveness of further development. Several studies have indicated that growth factors are beneficial for oocyte maturation in vitro because of the paracrine pathway (Shimada et al. 2006) . Aging is known to have a negative impact on the regenerative capacity of most tissues and human ASCs are susceptible to biologic aging (Wu et al. 2013) , including changes in differentiation potential, proliferation ability, and gene expression (Pandey et al. 2011 ). Herein we demonstrated that the expression of growth factors signaling gene in co-culture system using young and old donor of human ASCs during IVM could improve the porcine oocyte maturation. The expression of signaling genes in human ASCs ( Figure 1 ) were in line with the expression in human and murine bone marrow derived stem cells that older donor MSCs have decreased gene expression compared with younger donor (Wilson et al. 2010 ). Higher expression of HGF in O2 and similar expression value in some groups expressed that there were individual variation between donors but mostly younger donor seems a little higher than older donor. Those various different expression in RNA levels between young and old ASCs were also reported by Scruggs et al. (2013) . After co-cultured with human ASCs in IVM system, the expression of all genes in cumulus ( Figure 2) were significantly increased and apoptotic ratio also lower than control. Those benefit effects lead to increase the bidirectional communication between oocytes FIGURE 2 The expression of growth factor signalling genes from porcine oocytes a er in vitro matura on (IVM). Control, without human adipose-derived stem cells (ASCs); Y1, young donor 1; Y2, young donor 2; O1, old donor 1; O2, old donor 2.
FIGURE 3
The expression of growth factor signaling genes from porcine cumulus a er in vitro matura on (IVM). Control, without human adipose-derived stem cells (ASCs); Y1, young donor 1; Y2, young donor 2; O1, old donor 1; O2, old donor 2.
and cumulus in order to enhance nuclear and cytoplasmic maturation in oocytes (Appeltant et al. 2015) . The exogenous growth factors addition also reported in rats which affected in modulating cumulus cell expansion, stimulating proliferation and inhibiting apoptosis (Arat et al. 2016) . The exact role of cumulus during the initiation of meiotic resumption in pigs has been a matter of debate that the signal coming from cumulus as a key factor for triggering meiosis in oocytes (Gilchrist 2011) and others suggested that a cumulus-secreted soluble factor(s) may be responsible for the reinitiation of nuclear progression in oocyte during IVM (Appeltant and others 2015) . Our result revealed that, the higher activity of cumulus that showed by higher gene expression in co-culture IVM system with any donor age of ASCs could support oocytes maturation more than control group. Those high activities could be supported by growth factors and other bioactive molecules from ASCs via extracellular vesicles (Machtinger et al. 2016) .
The growth factors from human ASCs played many roles in oocytes maturation and the high expression of those signaling gene in oocytes (Figure 3) showed their activities in several pathways. citemachtinger2016 reported that growth factors could escalate oocyte maturation in mammals by accelerate several mechanism related with wingless signaling pathway (WNT), transforming growth factor beta (TGFb), mitogen-activated protein kinase (MAPK), neurotrophin, epidermal growth factor receptor (ErbB) pathways and ubiquitin-mediated pathways (Hull and Harvey 2014). Our result revealed that the percentage of oocytes reached the MII stage under the coculture IVM system with any donor age of ASCs showed a significantly higher compared with control. Those result suggested that the growth factors and other bioactive molecules from ASCs supported cumulus and also directly to oocytes activities which would give the optimum meiosis and nuclear progression in oocytes during IVM.
The significant different between control group and co-culture groups in maturation rate (Table 3) showed that the use of co-culture in IVM system allowed the growth factors which were secreted by ASCs could stimulate the oocytes maturation including nuclear and cytoplasmic maturation and also increase the effectiveness of IVM. Similar result also reported in many species (e.g., bovine, canine, ovine, and equine) that the administration of exogenous growth factors during IVM could accelerate nuclear maturation and increase the percentage of oocytes resuming meiosis citephull2014. The incubation of in vitro bovine and equine oocytes with growth factors significantly escalated cytoplasmic maturation by increased the cortical redistribution (Pereira et al. 2013) . In the present study, the contributions of young and old donor of ASCs to oocyte maturation and gene expression were analyzed under same culture conditions between coculture groups with control. Our study demonstrated that co-culturing with young and old donor of ASCs were essential for oocytes to achieve higher nuclear and cytoplasmic maturation rates, and this would allow their development competence to improve in the next stages.
The expression of IGF1 in co-culture groups were significantly increased when compared with control but there were no significant different between treatment groups. The respond in oocytes showed higher level than in cumulus compared with control after co-culture with ASCs ( Figure 1 ). The IGF1R expression in oocytes and cumulus also showed the similar pattern that co-culture groups expressed more than control but cumulus showed higher expression than oocytes compare with each control. Interestingly, Young donor (Y1 and Y2) resulted higher level than old donor (O1 and O2) which were showed in Figure  2 and Figure 3 . These result demonstrated that COCs have more IGF1 and IGF1R activities during co-cultured with human ASCs which could support maturation rate. This mechanism already reported that IGF1 have an important role in the nuclear maturation and cytoplasmic maturation of oocytes, exert its effect through cumulus cells by regulation of porcine cumulus proliferation and suppressed apoptosis (Toori et al. 2014 ). The IGF1R is activated by locallyproduced or circulating IGF1 which leads to autophosphorylation of the tyrosine kinase domain, with ensuing activation of the Ras-Raf-MAP kinase and PI3K-PKB/Akt signaling pathways and exert its mitogenic and antiapoptotic activities (Bentov and Werner 2011) .
The FGF2 and FGFR2 expressions from oocytes and cumulus in all treatment groups were significantly higher than each control group. Young donor in oocytes showed more expression value of FGF2 and FGFR2 compared with both expressions in cumulus (Figure 3 ). Higher expression also founded in BPM15 and GDF9 from oocytes and only GDF9 showed that young donor expressed higher level than old donor. The expression of FGF2 and FGFR2 in all treatment groups from cumulus also showed significant difference compared to each control group. Those growth factors and receptors together modulated the maturation process in IVM. The FGF2 activity enhances the maturation of mammalian cumulus-oocyte complexes (COCs) by increasing the expression of cumulus cell expansion-related genes in pigs (Son et al. 2017) . The FGF2 receptors (FGFR2) can be utilized between cumulus cells and oocytes (Pomini Pinto et al. 2015) . BMP15 and GDF9 plays a role in oocyte maturation by binding with various TGF-beta receptors leading to activate MAPK pathways for cumulus expansion/oocyte activation and FGF) cooperate with BMP15 promote glycolysis in cumulus cell (Son et al. 2017) . BMP15 belongs to the TGF-β superfamily and is known as a granulosa cell mitosis and proliferation inducer. The production of adequate amounts of BMP15 protein by the oocyte is necessary to promote cumulus cells expansion. The expression of BMP15 mRNA was also found in cumulus cells and it decreased along with the oocyte maturation and cumulus expansion in vitro (Bogacki et al. 2014) .
The TGFβ1 in oocytes showed that young donor expressed higher value than old donor groups and exhibited various expression in cumulus but still higher than control group. The expression of TGFβ3 in oocytes (Figure 2) showed similar value but the high respond was founded in cumulus (Figure 3 ) that young donor group exhibited significant different compared with old donor groups and all treatment groups had significant different with control group. Both growth factors could activate MAPK pathways which crucially involved in the processes of oocyte development and TGFβ1 have more influence than TGFβ3 in cumulus expansion and oocytes activation (Machtinger et al. 2016) . Hepatocyte growth factor (HGF) promote anti-apoptotic on porcine cumulus cells (Uzumcu et al. 2006) . Vascular endothelial growth factor A (VEGFA) improves quality of matured porcine oocytes (Arat et al. 2016 ) and contributes in regulation of crucial processes for prematurasional growth, differentiation, and development of oocytes (Kranc et al. 2017) .
The co-culture system can create a microenvironment through secretion of autocrine and paracrine factors to the media (Saadeldin et al. 2014) . In this study, we found that co-culture with human ASCs can support and improve the oocytes maturation when compared to the control group. Even though there were various expression in growth factor signaling genes between young and old donor ASCs, the growth factor secretions from both donors could increase the mRNA profiles in oocytes and cumulus which would contribute in nuclear and cytoplasmic maturation.
Conclusions
The lower ratio of BAX/BCL2 expression and higher expression of IGF1, IGF1R, FGF2, FGFR2, TGFβ1, TGFβ3, BMP15 and GDF9 in treatment groups compared with control group indicated that the co-culture IVM system using human ASCs could enhance the interaction between oocytes and cumulus which increase the oocytes maturation rate. The expression of growth factors signaling genes from young and old donor ASCs seems various between samples and not affect the maturation rate among co-culture treatment groups. There is a critical need for further studies in human ASCs to provide conclusive experimental evidence in cellular communication mediated by extracellular vesicles which might be contributed to oocyte maturation and embryo development.
